* ionic solids
** different types of crystal structures (cubic, fcc, bcc, hcp)
** NaCl energetics: coulomb + Ar^n repulsion
** typical properties: relatively stable cubic crystals (hard),
transparent to visible light, high melting and vaporization temperatures,
absorb strongly in the infrared spectrum, very soluable in polar
liquids (such as water).

* covalent solids
** covalent bonds are directional -- tend to force certain crystal
structures (tetrahedral bonding of carbon leads to a "1/2-filled bcc"
structure for diamond).
** more varied in properties -- some have high bonding energies and
resemble ionic solids (hard, transparent, high melting points, etc),
others have lower bonding energies and are softer, opaque or
reflective, and have low melting points, etc.

* metalic solids
** sea of relatively free electrons moving through a partially filled
valence band (see band theory).

* molecular solids
** bonding tends to be very weak (dipole interaction, both intrinsic
(water-water) and spontaneous (van der waals)): low melting and
vaporization points.
** hydrogen bonding in water (I need to look this up)

* band theory (remind students of my diode lecture in 4bl)
** energy level separation with 2 atoms, 3 atoms, ..., N_A atoms.
** energy band diagram
** fermi distribution of electrons within a partially filled band.
** what happens as kT approaches the band gap energy between a filled
band and an empty band.
** conductor vs insulator vs semi-conductor
** sp3 band structure: 2N + 6N = 8N splits into two 4N bands.  C is
an insulator because the gap is large.  Si and Ge are semi-conductors
because the gap is smaller.
** Check out section 11.5 for two simplified (1-D) models that lead
to band theory.

* Electrons in metals
** Treat electrons as free particles, subject mainly to the constraint
that E must lie in an energy band (is this accurate?).
** E_F(T) (established by fixing N); slight decrease with increasing T.
** "stop and go" model for conduction of electrons (every time a
collision occurs, the drift velocity "goes to zero").  Eq (11.26)
probably should read tau = l / v_F (where E_F = (1/2)mv_F^2).  Since
v_F appears to decrease as T increases, this appears to be
inconsistent with the idea that conductivity drops as T increases.

I guess the idea here is that electron states within a certain band
imply a certain "momentum" through the crystal, which can be related
to the "wavenumber" of the state.  One way to visualize a group of
electrons actually "travelling" through the metal is to construct
wave-packets.  Note that for conduction to work, there must be some
freedom in choosing which states are occupied and which ones are not.
If all of the states within a given band are occupied, the average
motion of the electrons is zero and no current flows

** Electronic contribution to heat capacity is small.
** Thermal conductivity (and its close relationship with electric
conductivity).

* Superconductivity (Bose condensation of cooper pairs)

* Semiconductors
** pure semiconductors (completely filled valence band, unfilled
conduction band, band gap not too large).  As T goes up, occupation of
conduction band goes up and # holes in valence band increases as well.
# e in conduction band = # holes in valence band, but contribution to
current is not equal (about 2 to 4 times greater for conduction band
electrons).  I have reservations about the book explanation.
** n-type semiconductor: Additional protons and electrons are donated
by the impurity atoms.  The extra electrons (not convenient for
bonding) will lie in "donor states" which reside just below the
conduction band (the extra protons pull those states down in energy
from the conduction band -- there is a small gap to the conduction
band!).  Electrons in these donor states can easily move to the
conduction band and contribute to the conductivity of the material in
a manner that is sensitive to the doping ratio.
** p-type semiconductor: There will be a deficit of protons and
electrons due to the impurity atoms.  The deficit in protons causes
the "acceptor states" (now empty because there are fewer electrons) to
rise slightly in energy from the valence band, and lie just above the
valence band.  Those states represent incomplete bonding sites and are
almost as easily filled as the valence states surrounding the primary
atoms (technically, electron states are delocalized and can be
expressed as linear combinations of localized states).  Electrons in
the valence band can easily be promoted to these acceptor states, and
the resulting holes in the valence band contribute to the conductivity
of the material in a manner that is sensitive to the doping ratio.

* Semiconductor devices
** pn junction.  electrons from the donor states in the n region
escape to the p region and fill in the holes of the valence band (and
acceptor states), leaving a depletion zone.  This process continues
until the fermi levels (molar gibbs potential) are equal.  Fig. 11-47
[11.44 3rd ed].  Note that electron states in the p region are higher
in energy than they were before since that side is now negatively
charged.
** There are two current contributions.
(1) diffusion or recombination current: there are some electrons in n
region that are thermally elevated from the donor states to the the
conduction band in a high enough energy state to match the conduction
band energy in the p region.  Those electrons can diffuse over to the
p region, where they then fall into the valence band / acceptor states
and fill in the holes.  electrons: p <-- n;  current: p --> n.
(2) drift or thermal current: there are electrons in the valence band /
acceptor states in the p region that are thermally elevated to the
conduction band.  Those electrons simply "drift" over to the n region,
where they can repopulate the n region conduction band / donor states.
electrons: p --> n; current: p <-- n.
** Contribution (1) depends on the height of the potential hill, since
electrons in the n region have to elevate high enough to reach the
p region conduction band.  Contribution (2) does not depend on this
height, since once the electrons elevate from the acceptor states to
the conduction on the SAME SIDE (p region), they can simply "fall" over
to the n region.
** When there is no external potential, the currents are equal, and
equilibrium is established.
** When an external potential is applied in the "forward direction"
(p+, n-), the potential hill is reduced and the diffusion current
increases exponentially with voltage.  the drift current doesn't
change, so there is a net current in the forward direction, which can
increase exponentially large.  Note: diode "arrow" points p->n.
** When an external potential is applied in the "reverse direction"
(p-, n+), the potential hill is increased and the diffusion current
decreases exponentially (towards zero) with increasing voltage.  the
drift current (which was never large to begin with anyway) doesn't
change, so there is a net current in the reverse direction, but never
larger than the (very small) drift current.
** Mathematically, this leads to I = I0 [exp(e V_ext / kT) - 1], which
gives the familiar characteristic curve.
** This model seems to ignore the size of the depletion zone, which
increases during reverse bias, and decreases during forward bias,
until it completely disappears at the barrier voltage.  In fact,
"barrier voltage" doesn't seem to exist in this model.  Also note
that Fig 11.52 is a "theoretical rendition" of experimental data,
and does not match in detail the actual experiment results in the 4BL
diode lab.

Note: I will want to measure the characteristic curve CAREFULLY for
the diodes in the 4BL lab.  I want to see if the exponential curve
really fits the data (perhaps a physical diode is an ideal diode
obeying the above model + a resistance which is (roughly) proportional
to the depletion zone size.  This will require some investigation.

** Tunnel diode: heavily doped n and p regions can result in an
equilibrium energy diagram where top of the valence band on the p side
lies above the bottom of the conduction band on the n side.  According
to Fig 11.53, the fermi level is above the valence band of the p
region.  I'm sure that the top of the valence band in the p region
must be empty, and the bottom of the conduction band in the n region
must be full at equilibrium (i.e., not just the acceptor and donor
states).  Or maybe there are a lot more acceptor and donor states.
Anyway, if we take Fig 11.53 at face value, electrons from the
conduction band of the n region can tunnel over to fill the holes in
the valence band of the p region.  Of course the opposite is also
possible, but if a SMALL forward voltage is applied (p+,n-), the
tendency will be for tunnelling to proceed from n to p resulting in a
relatively large current from p to n.  Ironically, if the forward
voltage is raised further, the potential hill is reduced, thereby
eliminating this "lining up", and tunnelling is no longer possible.
This leads to an anomolous characteristic curve (Fig 11.54).

** Photodiodes: photons can be emitted or absorbed as electrons make
transitions from valence to conduction or vice versa.  It is unclear
from the text whether the electrons making this transition are in the
n region, p region, both, or it depends.  In any case, an external
current provides energy to an LED causing electrons to excite to the
conduction band.  When they fall back to the valence band, they emit
photons.  Conversely, when a photon is incident upon the DEPLETION
ZONE of a "photodiode", it can elevate an electron from the valence
band to the conduction band.  The electron moves to n region and the
hole moves to the p region causing a current to flow from n to p.
This is facillitated by operating the photodiode at reverse bias
(p-,n+).  This can be used either to generate energy (solar cells) or
measure light intensity.

** Diode laser (same section as photodiode in text): See fig 11.55.  A
semiconductor with a smaller band gap is sandwiched between an n-type
and p-type with a slightly larger band gap.  electrons pumped in from
the n side fall into a conduction band well in the active region.
holes pumped in from the p side likewise "fall" into the valence band
"well" in the active region.  This provides the necessary population
inversion which allows lasing to occur.  These diode lasers require
much less power and can be much more efficient than traditional
lasers.

** Transistors (npn, pnp junction): Consider npn
(Emitter-Base-Collector).  Normal operation involves forward biasing
EB and reverse biasing BC (V_C>V_B>v_E).  See fig 11.58 (augment by
showing the filled donor states just below the conduction band in E
and C regions, and the empty acceptor states just above the valence
band in the B region.  If the B region were (mistakingly) made wide,
there would be a net flow of electrons in the conduction band from
E->B (forward-biased diode), after which the electrons would drop
into the valence band of B.  There would be a small trickle of
electrons from B->C (reverse-biased diode), and the net result would
be little current flow (if nothing were connected to B, then a charge
backlog at the BC interface would prevent further electrons from
flowing E->B by essentially eliminating the forward bias potential).

However, if the base is a small region (as it should be), then most of
the electrons that reach the base in the conduction band would stay
there long enough to drift over, and fall into the collector region.
This enhances the drift contribution of the current across the reverse
biased BC interface, resulting in a significant current there (in
spite of it being reverse biased).

Recall the reason why reverse-biased currents are usually small across
a pn junction: there is a significant potential energy drop in the
conduction band going from p->n (B->C in this case).  Normally, there
are very few electrons in the conduction band in a p region (they have
to be promoted from the valence band), so the drop doesn't help -- the
drop only serves to make the diffusion current (electrons from n->p)
even smaller.  However, in the case of a transistor, the population of
the conduction band of B is significantly enhanced by the fact that
electrons are pumped there from the emitter through a forward-biased
pn junction.

Note: Check the transistor lab that used to be part of 4BL.  I suspect
some additional insight might be gained there.  For example, I believe
the amplification works as follows: a large DC voltage is supplied to
the transistor to act as an energy source.  A small AC voltage is then
applied to part of the transistor circuit, resulting in an amplified
version of the AC voltage over another part of the transistor.  If I
knew where to put the connections, I might be able to explain this
amplification process more precisely.
